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Abstract 
An immunosensor for bovine leukemia virus antigen (gp51) determination was developed using surface plasmon 
resonance (SPR) technique. During this work the SPR-chip coated with gold was used for immunosensor design. 
Different strategies of antibodies immobilization - oriented immobilization of specific antibodies fragments (frag-
anti-gp51) on gold surface obtained after chemical reduction and random immobilization of intact antibodies (anti-
gp51) on gold surface, were investigated. The immobilization based on the application of frag-anti-gp51 was found to 
be the most suitable for the design of SPR-immunosensor for gp51 detection. SPR sensor created using frag-anti-
gp51 was tested in a range from 0.01 to 0.5 mg/mL of gp51 antigen concentration. Developed immunosensor 
exhibited sufficient antigen binding capacity, simplicity and low cost in respect to the currently evaluated techniques. 
 
© 2012 Published by Elsevier Ltd. 
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1. Introduction  
In countries, were agriculture is widely developed, animal husbandry can be damaged by infectious, 
especially viral diseases. In this case it is necessary to diagnose bovine viral diseases quickly, accurately 
and efficiently and prevent their further spread out. One of the most common viral diseases is bovine 
leukemia virus (BLV)-induced bovine enzootic leukemia, which affects cattle in various parts of the 
 
* Corresponding author. Tel.: +370-652-193-115; fax: +370-523-309-87. 
E-mail address: a.ramanaviciene@imcentras.lt  
Available online at www.sciencedirect.com
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Symposium Cracoviense 
Sp. z.o.o. Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
838   J. Baniukevic et al. /  Procedia Engineering  47 ( 2012 )  837 – 840 
world [1]. Negative effects caused by this disease can be prevented by creating a sensitive, direct, stable, 
and repeatable biosensor. It would help to set up this disease in early stage.  
In recent years, the SPR method has become one of the main methods investigating and determining 
materials based on affinity interaction [2]. SPR biological sensors use immediate analyte interaction with 
immobilized biological material and detection in real-time [3], which allows detailed investigation of 
these substances interaction kinetics. This method is currently one of the most promising antigen-
antibody detection methods which increasingly are used in diagnosis of different diseases and biomedical 
research [4]. 
The immobilization of the antibodies on the surface is an important step in immunosensors design. It 
is not enough just to immobilize antibodies on a given surface, but it is necessary to target them 
purposefully [3, 5]. The aim of this study was to investigate different strategies of antibody 
immobilization - oriented immobilization of specific antibodies fragments (frag-anti-gp51) on gold 
surface obtained after chemical reduction and random immobilization of intact antibodies (anti-gp51) on 
gold surface.  
2. Experimental part  
Frag-anti-gp51 were obtained by chemical reduction of intact antibodies using 2-ME and DTT. 
Particular volumes of PBS buffer (pH 7.4), anti-gp51 (2 mg/mL) solution and 10 mM 2-ME (70 mM) or 
10 mM DTT were mixed (40 mM). The resulting solution was incubated at 37˚C for 90 min. The frag-
anti– gp51 were used immediately after preparation.  
Frag-anti-gp51 were characterized by SDS-PAGE analysis [6]. The Tris-glycine gel was made using 
an appropriate concentration of acryl amide (12%). Protein standards were used as molecular weight 
references. All samples were incubated at 95°C for 5 min. Sample buffer was prepared without 2-
ME/DTT in order not to affect the anti-gp51. The frag-anti-gp51 were stained with Coomassie brilliant 
blue R-250. The equipment used for electrophoresis was purchased from UVItec (Cambridge, United 
Kingdom). 
Before the immobilization of the frag-anti–gp51 or intact anti-gp51, bare sensor chip SD AU, XanTec 
bioanalytics GmbH, (Muenster, Germany) was cleaned with 0.1 M NaOH solution for 20 min, 0.1 M HCl 
solution for 5 min and piranha solution (1:3 = 25% H2O2 : 75% H2SO4) for 5 min. Then it was rinsed with 
pure ethanol solution and deionized water.  
The interactions between the gold surface and the frag-anti-gp51 or intact anti-gp51 were monitored 
using the SPR sensor. A double channel SPR analyzer Autolab ESPRIT obtained from ECO Chemie 
(Utrecht, Netherlands) was applied for SPR measurements. A diode laser was used as the light source to 
produce monochromatic light with a wavelength of 670 nm. The SPR angle was measured at non-flow 
liquid conditions, i.e., without the circulating pump. All samples were monitored at a constant 
temperature of 24˚C. 
Immobilization of frag-anti-gp51 or intact anti-gp51 was performed in both channels of the SPR 
cuvette. After the immobilization the empty sites of the surface were blocked. For this purpose the SPR 
sensor chip modified with frag-anti-gp51 was incubated in 10 mg/ml BSA solution for 12 h at the 
temperature of 24˚C. 
The interaction between the immobilized frag-anti-gp51 and gp51 was monitored after the injection of 
gp51 solution in PBS buffer (pH 7.4). The interaction was being monitored and followed by a 
dissociation step in PBS buffer solution (pH 7.4). Then the sensor chip was regenerated with solution 
consisting of 50 mM NaOH and 17.34 mM SDS.  
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3. Results and discussion 
SPR immunosensors can be applied for the precise determination of analytes. It is highly desirable to 
establish quick and reliable analytical tools and avoid time-consuming sample methods. In order to couple 
well oriented antibodies directly to the gold surface reagents with thiol groups were used. To obtain 
fragments of active antibodies with terminal thiol functional groups, the reduction of anti-gp51 antibodies 
with 2-ME (Fig. 1a) and DTT (Fig. 1b) was performed. Lanes 2 and 3 in figure 1 show that antibody 
fragment molecular weight is about 80 kDa. It is almost equal to the half the molecular weight of intact 
anti–gp51 and the corresponding band is assigned to the frag-anti-gp51. For further study 2-ME was 
chosen as reducing agent.  
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
                                           
        (a)                         (b) 
Fig.1. a) SDS-PAGE analysis (12% gel) of frag-anti-gp51 obtained after reduction with 2-ME. Lane 1: unstained protein molecular 
weight marker; lane 2: frag-anti-gp51 after reduction with 2-ME (conc. 70 mM); b) SDS-PAGE analysis (12% gel) of frag-anti-
gp51 obtained after reduction with DTT. Lane 4: unstained protein molecular weight marker; lane 3: frag-anti-gp51 after reduction 
with DTT (conc. 40 mM).  
The immobilization of frag-anti–gp51 or intact anti-gp51 were performed in both channels of the SPR-
chip. It was found that efficiency of random intact antibody immobilization on gold surface was 55 times 
less than efficiency of oriented frag-anti–gp51 immobilization. In our further study oriented modification 
of gold surface with frag-anti–gp51 was chosen. To investigate the sensitivity of the frag-anti-gp51 based 
sensor, samples with various concentrations of antigen gp51 were prepared. Final concentrations of 0.01, 
0.05, 0.1, 0.2, 0.25 and 0.5 mg/mL of antigen were directly analyzed using the proposed immunosensors 
systems. The formation of frag-anti–gp51/gp51 immune complexes resulted in an increase of SPR-angle. 
The shift of the SPR-angle depends on concentrations of the gp51 in the sample (Fig. 2a). The SPR-signal 
after establishment of steady-state conditions (at “equilibrium angle”) was plotted against the 
concentrations of antigen (Fig. 2b).  
Kinetic parameters were calculated treating the data by non-linear regression, in which (1) equation 
has been integrated with respect to t, Rt parameters: 
           (1) 
Lane 1 Lane 2   Lane 3 Lane 4 
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(a) (b) 
Fig. 2. a) The SPR signals obtained using different concentrations of gp51 in PBS buffer (pH 7.4) (1 – 0.01 mg/mL, 2 – 
0.05 nm/mL, 3 – 0.1 mg/mL, 4 – 0.2 mg/mL, 5 – 0.25 mg/mL, 6 – 0.5 mg/mL). b) Equilibrium angle dependence on different 
concentrations of gp51 (0.01, 0.05, 0.1, 0.2, 0.25 and 0.5 mg/mL). For each concentration, the three data points of the reproduced 
measurements were plotted.  
 
The immune complex formation efficiency of 84.4% was achieved, while Tsai W. et al. [3] registered 
90%.  
4. Conclusions 
In this study it has been demonstrated the successful application of frag-anti-gp51 for the design of 
SPR-immunosensor for gp51 detection. Developed immunosensor is more sensitive and able to interact 
with a larger amount of analyte, as compared with randomly modified system. 
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